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The purpose of this inveatxgation was to evaluate the scrum 
level of soluble intercellular adflitsiori molecule-1 (sICAM-1) in 
patients with squamous cell carcinoma of the cervix. Serum levels 
of file AM- 1 were measured by enzyme-linked immunosorbent 
assay In padents with cervical cancer (stage 0 through IV). Expres- 
sion of mRNA in tumor tissues was evaluated by reverse tran- 
scriptase-polymerase chain reaction. Serum level of sICAM-1 in 
patients with advanced-stage (II-IV) or recurrem cervical cancer 
was found to be increased significantly. Expression of ICAM-1 
mRNA was observed in most tumor tissues. Results suggest chat 
sICaM-1 is shed from the cancerous tissue in patients with squa- 
mous cell carcinoma of the cervix, d 1997 Aodemfc N«at 



CeU-matrix interactions arc essential for the adhesion and 
migration of cells, wound healing, cell differentiation, and 
polarity [1, 2], These inieraciions are mediated by the adhe- 
sion of cell-surface receptors, particularly of the intcgrins, 
to adhesive proteins [2. 3J. 

Intercellular adhesion molecule-1 (ICAM-1, CD54), a 
member of the immuaoglobulin supcrfaimly of adhesion re- 
ceptors, has five extracellular immunoglobulin-like domains, 
a single transmembrane region, and a short cytoplasmic tail 
[4, 5]. ICAM-1 is expressed on various cell types, including 
fibroblasts, keratinocytes, vascular endothelial cells, macro- 
phages, and glaadlular epithelial cells and stromal cells in 
the uterus [2, 6, 7]. ICAM- 1 is a ligand for lymphocyte 
function-associated antigen-l (LFA-1 or CDllayCDlS), 
which is present on lymphocytes, monocytes, and neutro- 
phils [8]. 

ICaM-1 is an important early marker of immune activa- 
tion and response [9-11]. The upregulaied expression of 
ICAM- 1 on cell surfaces is observed in a variety of diseases, 
including patients with rejection of liver allograft [9], auio- 
immuue thyroiditis [10], Sjogren's syndrome [12], asthma 
[13], cutaneous T-cell lymphoma [14], melanoma [15). pros- 
tate cancer [16], ovarian cancer [17], and colonic cancer 
[18]. Coleman et ai [19] demonstrated the expression of 



lCAM-1 protein in high-grade intraepithelial squamous neo 
plasia of the cervix by immunohistochemifitry and suggested 
that the expression was related to human papillomavirus 
infection. 

Seth er aL [20] used a chemiluminescence technique to 
deteci soluble ICAM-1 (slCAM-1) in the serum obtained 
from healthy young volunteers. They found that ICAM-1 
existed in a membranous and a soluble form thai laclcs the 
cytoplasmic tail and the transmembrane region. Although iis 
functional characteristics have not been elucidated, Rodilein 
ex al [21] suggested that the circulating molecule reflects 
inflammation, tissue damage, and proteolysis. When in- 
creased slCAM-J binds LFA-1, which is expressed on lym- 
phocytes, the lymphocytes cannot bind other cells via adhe. 
sion molecules, resulting in the inhibition of lymphocyte 
function [22], 

In the present study, we measured serum levels of sl- 
CAM-1 in padents with squamous cell carcinoma of the 
cervix, and investigated the expression of ICAM-1 in tu- 
mor tissues by reverse transcriptase-' polymerase chain re- 
action (RT-PCR). 

MATERIALS AND METHODS 

BJUSA for detection of sICAM-L We obtained 6-ml se- 
rum samples horn 34 Japanese women with squamous cell 
carcinoma of the cervix before the initial treatment (9 in 
stage 0, 7 in staje I, 3 in stage II, 5 in stage HI, and 3 in 
stage rV), 7 patients with a recurrence of this cancer, and 
16 healthy volunteers. Venous blood was allowed to cloi ai 
4''C and was then centiifuged at lOOOg for 15 min to remove 
the clot. Each senim sample was divided into 1-ml aliquots 
and frozen at -70''C until assayed. 

Serum levels of slCAM-1 were measured by a sandwich 
enzyme-linked immunosorbent assay (ELISA) through use 
of an )CAM-1 test kit (T Cell Diagnostics, Cambridge, MA). 
The serum was allowed to thaw at room temperature and 
was then diluted 100-fold in a dilution buffer (T Cell Diag- 



00<>0-B25e;97 S25.0t> 

Copynght © J W hy Academic Press 

Ail rights of rcproduqion in any fomi resfirvsC, 



3CK 



TMtS MATERIAL MAY BE PROieCTED 
BY COPYRIGHT kAW (TITLE 17 U.S. CODE) 



JUL. 24. 2001 4:26PM MEDICAL INFO SERV 

t 



NO. 7856 P. 23 



filCAM*! [N CER 

nostics). The assay was performed in duplicate as follow$: 
giandards or diluted samples (25 ;xl) were placed in polysty- 
rene microtiter wells ihai were precoated with a mouse anti- 
human ICAN5-1 monoclonal antibody, A horseradish peroxi- 
dase-conjugated mouse anu-human lCAM-1 monoclonal an- 
tibody was immediately added to the wells, which were then 
incubated for 2 hr at room icmperature. After the weJls had 
been washed whh phosphate-buffered saline (PBS, T Cell 
Diagnostics), a chromogen solution (TCell Diagnostics) was 
added. The reaction was terminated by the addition of 2 N 
HjSO^ fWako, Osaka. Japan) and absotbance was measured 
at 490 nm by use of a microplate reader (Model 3550. Bio- 
Rad Laboratories, Richmond. CA). All the reactions were 
performed at room lemperacure. 

Data are the mean ± SD. Difference were evaluated by 
Scheffe's F test using StalVicw 4.01 (Abacus Concepts, 
Bericelcy, CA). A value ofP < 0.05 was regarded as statisti- 
cally significant. 

RT-FCR for detection of ICaM-I mRNA, Samples 
(100-mg) of cervical squamous cell carcinoma tissues were 
obtained from seven patients in an advanced stage (stage 
ni) of the disease. As controls, we obtained specimens of 
normal cervical tissue from four women who had undergone 
hysterectomy for the evaluation of a benign disease. As posi- 
tive controls, we used rayelomonocytic cell line, HL-60. on 
which lCAM-1 expression had previously demonstrated (23, 
24]. Each tissue sample, was soaked in 1 ml of Isogen solu- 
tion (Nippon Gene» Tokyo. Japan), homogenized by use of 
a Polytron (Type PT 10/35, Kinmatica GmbH, Luz^m, Swit- 
zerland), stored at room temperature for 5 min, and shaken 
vigorously for 15 sec after the addition of 0.2 ml of chloro- 
form. The homogenaies were centrifuged at I2.000g at 4°C 
for 15 min and then 0.5 ml of isopropanol was added to the 
aqueous phase. Each aliquot was stored at room temperature 
for 10 min and centrifuged at 12,000^ at 4°C for 10 min. 
To the precipitate, 1 ml of 75% ethanol (Wako) was added. 
The aliquot was shaken vigorously and cemrifuged at 
12.000f at 4'C for 15 min. The precipiute was then dried 
briefly and dissolved in water. 

ICAM- ) gene expression was analyzed by the RT-PCR 
method through use of an RNiA PGR Kit with AMV RTase 
(Takara, Tokyo, Japan). RNA was reverse-transcribed into 
complementary DNA (cDNA). In brief, the reaction mix- 
ture (5 mM MgCla. Ix RNA PGR buffer [10 mM Tris^ 
HCl, 50 mM KC1. pH S.3], 1 mM dNTP mixture JdATP. 
dCTP, dGTP, dlTP] fTakara], RNase Inhibitor, J UZ/il 
[Takara], reverse transcripusc, 0.25 UZ/xl [Takara], and 
2,5 random 9 mer [Takara]) was added to the RNA 
solution containing J m£ of total RNA, and the mixture 
was incubated at 30X for 10 min. After incubation at 
50'C for 25 min, the mixture was heated to 99'*C for 5 
min and then chilled on ice. 
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To perform the PGR assay, priinar sets for ICAM- 1 (upper 
primer 5'-GTCCCCXnrCAAAAGTCATCGTG-3' and lower 
primer: 3'-CCCTCGTCCrrCTGCGaTCACAC-3') were de- 
signed ccording to the previously reported .sequence (23, 
24], synthesized by the phosphoramide method on a DNA 
synthesizer (Model 8700» Biosearch. San Rafael, CA), and 
purified on Sephadex G50 columns (Pharmacia LKB Bio- 
technology, Uppsala, Sweden) and by high-performance liq- 
uid chromatography (HPLC). Forward and reverse primers 
were located within the open reading fVame; the predicted 
size of the PGR product was 759 bp. The size of the RT- 
PCR product is apparendy different from that of the PGR 
product of genonfuc DNA. 

The cDNA transcribed from 1 MS of total RNA was ampli- 
fied on a thermal cycler (Model PJ2000, Perkin Elmer, Nor- 
walk, CT) in a total volume of 80 /il containing 4 mM 
MgClj, ix RNA PCR buffer, 0.2 f^M of each primer, and 
2.5 units of Taq DNA polymerase (Takara). PCR was carried 
out for 40 cycles v^-ith thermal cycler conditions for denamr- 
ing at 94X for 3 min, annealing at 59**C for 2 min, aj\d 
extension at 72*C for 2 min. The PCR products were sepa- 
rated by 1-2% agarose gel (Takara) electrophoresis and visu- 
alized by eihidium bromide (Takara) staining. 

RESULTS 

Serum levels ofsICAM-l. Serum levels of sJCAM-l in 
healthy volunteers, in patients with cervical cancer in stages 
0, 1. II, m, and IV and in patients with recurrent tumor were 
294 ± 84, 274 ± 39, 339 ± 136, 554 i 131, 498 ± 155, 
451 108, and 503 ± 111 ng/ml, respectively. Although 
the serum level of $IGAM-1 in patients with early-stage 
cervical cancer (stage O-I) did not increase, serum levels of 
ICAM-1 in patients with advanced-stage cervical cancer or 
recurrent cancer were significantly increased (control vs 
stage IE, P < 0.05; control vs stage III, P < 0.05; control 
vs recunrencc, P < 0.01; stage 0 vs stage P < 0,025; 
stage 0 vs stage III, P < 0-05; stage 0 vs recurrence. P < 
0.025; Scheffe's F test) (Table 1). 

Expressicn of ICAM-i mRNA. As shown in Fig. 1. 
ICAM-1 mRNA expression had been observed in HI^60 
cells as previously described [23, 24]. The expression of 
ICAM-1 mRNA was observed in six of seven tumor tissues. 
ICAM- 3 mRNA expression in four samples of normal cervi- 
cal tissue was below the detection level, 

DISCUSSION 

ICAM-1 expression has been observed on various cell 
types in normal, inflammatoiv, and tumor tissues, including 
fibroblzists, keratinocytes, vascular endothelial cells, lym- 
phocytes, monocytes, glandular epithelial cells and stromal 
cells in the uterus, carcinomas of the gastrointestinal tract 
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TABLE 1 

Sanim Levels of sJCAM-l in Healthy Volunteers, in Patients 
with Cervical Cancer in Stages 0, 1, n, IIL and IV, and ir Patients 
with Recurrent Tumor 





Number of 


Serum kICam^I 


Croup 






Control 


16 


249 z 84 


Snge 0 


9 


274 = 39 


Suge I 


7 


339 = 136 


Stage n 




554 r m'^l 


Stage in 


5 


498 ± I55*-tt 


Stage IV 


3 


4.51 ± 108 




7 


303 ± ni**-t 



• Data are the mean ± SD. 

• P < 0.05, '^•Z' < 0.01, vfi control. Scheffe's F tesc 
\P < 0.025, ijP < 0.05, vs tufie 0. Sch«ff«'s F tfifit. 



[18, 25), ovarian cancer [17), and malignant melanoma (2, 
6. 7, 26]. 

The involvement of ICAM-1 in the pathogenesis of malig- 
nant tumors hcts been examined, esp^ially in malignant mel- 
anoma. Reports by Johnson et al [27). Natali et al [15], 
and Kageshiia et al, [28] suggest that increased expression 
of ICAM-J on melanoma cells may be positively correlated 
with a greater risk of metastasis. In contrast, evidence from 
Vanky et al. [29] suggests thai expression of ICaM-3 on 
tumor cells may facilitate recognition by autologous lympho- 
cytes and thus reduce metastasis. Haming et al [26] ob- 
served increased seruni levels of sICAM-1 in patients with 
malignant melanoma and found a correlation between in- 
creasing serum level of sICAM-1 and prognosis. ICAM-1 is 
also expressed on keratinocjtes and blood vessels in benign 
inflammatory disorders, such as dermatitis and allergic ec- 
zema, and this expression appears to be correlated with the 
extent of disease [14], 

Tsujisaki ei al [25] used immunochemical methods to 
detect cell surface and slCAM-1 in cell lines obtained from 
colonic carcinoma, gastric cercinoma, pancreatic carcinoma, 
hepatocellular carcinoma, and lung adenocarcinoma. They 
also reported that senm> levels of sICAM-l were elevated 
in patients with gastric cancer, colonic cancer, gall bladder 
cancer, pancreatic cancer, and esophageal cancer, especially 
in padenxs with liver metastasis. They suggested that sf- 
CAM-1 may block the attachment of cytotoxic T cells and/ 
or NK cells to cancer cells, since LFA-1 could be blocked 
with sICAM-l, and that the higher levels of serum sICAM- 
1 in malignant diseases may reflect the host's immune re- 
sponse 10 malignant cells and surrounding cells. Haming et 
al [26] suggested that the elevated serum levels of ICAM- 

1 observed in patients with malignant melanoma are indica- 
tive of an enhanced host ceD-mediaced immune response to 

2 primary mmor or may represent ICAM-1 shed in situ by 



melanoma cells. Burrows et al. [30] maintair^ed that ICAM- 
1 expression in most carcinomas is a passive event resulting 
from induction by infiltrating leukocytes and is unrelated to 
the tumor cells themselves. Yamamoto et al [31] reported 
That peripheral blood mononuclear cells from cancer patients 
revealed an increase of ICAM-1 expression, 

Coleman and Stanley [32] reported that the expressions • 
of ICAM-1, vascular cellular adhesion molecule- 1 (VCAM- 
1), and E-selectin were significantly up-ieguJated in the high- 
grade intraepithelial squamous neoplasia of die cervix using 
immunohlstochcmical method. ICAM-1 expression was ob- 
served in vessels, keratinocytes, and mononuclear cells in 
these lesions. They suggested that the enhanced expression 
of these adhesion molecules may be functionally important 
in enabling the local recmitmeni of immunocompeieni cells. 

Rolhlein et al [21] suggested that sICAM-l serves as a 
marker of Inflammation, tissue damage, and proteolysis. The 
source and function of sICAM-1 in humans remain unclear. 
Cardiac transplant rejection is associated with an increase 
in the level of sICAM-1, a finding that suggests an increase 
in sic AM- 1 may indicate acdvation of cells that participate 
in allograft rejection [33). sICAM-l is also be detected in cell 
culnire supematanis of normal lymphocytes and established 
cancer cell lines [25. 34]. 

JCAM-1 expression in tissues is induced by various in- 
flammatoiy cytokines, such as IL-I, TNF-of, and IFN-y [6, 
35]. These cytokines, which are produced by various cells, 
including inflammatory ceUs and tumor cells, sometimes 
upregulate cellular binding berween tumor cells and endothe- 
lial cells through the inducdon of adhesion molecules (30] 
and increase the incidence of metastasis [36, 37]. 

In the present study, we showed that the serum level of 
sICAM-I is significantly elevated in patients with advanced 
cervical squamous cell carcinoma and that ICaM-1 mRNA 
is expressed in tumor tissues. Therefore, an increase in the 
senim levels of sICAM-] may reflect the enhanced expres- 
sion of the molecule in the cancerous tissues. This increase 
in production is detected using ELISA perhaps due to the 
fact that the tumor reaches a certain size or spreads beyond 
the uterus (i.e., higher than or equal to stage II). Although 
sICAM-l level of padMiis with stage IV disease did not 
have a significant difference compared to the patients with 
earlier stages, we think chat the number of the patients with 
stage IV disease is coo small to make a statistical analysis. 
Inflammatory cells may infiltrate the tumor tissue panJy by 
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FIG. I. Elecirophortsifi of RT-PCR producK. Rcpresenutlve resulLs 
are fihtiwn. Lane 1. normal cervical ti^xoe; lanes 2-5, squamous cell ccrd- 
noma of the cervix (stace lU); lane 6, HL.60 cellc. 
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interaction of their membranous LFA-1 and ICAM-J on en- 
dothelial cells. We hypothesize thai slCAM-I is produced 
maiDly by carcinOTna cells and that sICAM-l suppresses the 
infihration of inflammatory cell$ by a corapetitive inhibition 
of the membranous ICaM-I/LFA-1 interaction. Our resuJts 
suggest that ICAM-1 is present in squamous cell cardnoma 
of the cervix, 
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